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I

It is the purpose of the present paper to direct the attention of

biologists to important differences in the toxicity to living cells and

organisms of certain commercial brands of so-called C.P. sodium

chloride which have usually been treated in the past as being more or

less identical chemically. The brands in question have all been used

frequently at the Marine Biological Laboratory and other scientific in-

stitutions in this country; and, in view of the striking differences that

will be shown to exist between them, the question arises how far the

work of different investigators, who have in the past used sodium

chloride of unspecified origin, is comparable and, indeed, how far many
published statements concerning the physiological properties of this

salt in pure solutions may be generally true. While these questions

cannot as yet be answered with entire certainty, the necessity is clearly

indicated for much greater care in the future than has been exercised

in the past in physiological work involving this commonest of all salts.

The observations which formed the beginning of this investigation

were made more or less accidentally in connection with certain unpub-

lished studies on the hemolytic effects of ammonium chloride on the

erythrocytes of the various classes of vertebrates, particularly the

fishes. In the course of these studies, controls of isotonic NaCl were

used for comparison, the salt employed being that which happened at

the time to be in general use at the Marine Biological Laboratory. It

soon became apparent that whereas the erythrocytes of the mammals

remained intact almost indefinitely in such control solutions, those of

several species of fishes, among them the sea robin, the butterfish, the

cunner, the tautog, the mackerel, the scup and the fresh water perch,

underwent destruction in times ranging from a few minutes to several

hours, though failing to do so in similar solutions of KC1 or CaCl 2 or in

properly diluted sea water.

The unique behavior of NaCl is brought out in Fig. 1, in which are
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plotted against the times in hours from the beginning of the experiment
the cell counts, obtained by the usual hemocytometer method, of sus-

pensions of the erythrocytes of the sea robin (Prionotus carolinus) in

approximately isotonic solutions of KC1, NaCl and CaClo and in a

physiologically balanced mixture of the three salts. The rapid de-

struction of the erythrocytes here shown in solutions containing NaCl
and their preservation in the other solutions are entirely typical of

dozens of experiments made during the summer of 1926 with the par-

5,000-
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FlG. 1 . 1C fleet of exposing erythrocytes of the sea robin (Prionotus carol in its] to :

(1) M/3.7 KC1, (2) M/5.5 CaCl 2 , (3) M/3.7 XaCl and (4) a mixture of these solutions

in the proportions of 2:2: 96. Ordinates represent numbers of cells per cubic

millimeter and abscissa; times in hours.

ticular brand of salt in question, not only on the erythrocytes of the sea

robin but on those of the other species mentioned above as well.

On repeating the experiments the following year our surprise \vas

great when the expected hemolysis in Nad solutions completely failed

to appear, the erythrocytes remaining intact in such solutions for many
In mi-, \\iih no more evidence of injury than \\lu-n KC1 or properly

diluted sea water was employed. The only difference between the two

sets of experiments was that by chance a new brand of C. P. NaCl had

been substituted in 1927 for that used in 1
( U6. On going back to the

li incr brand the earlier results could again be repeated at will. Kvi-
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dently there was in respect to their hemolytic properties at least, a very

decided difference between two preparations of NaCl, both presumably
of good quality and both in common use at the Marine Biological

Laboratory and elsewhere. Because of the possible importance of such

differences in physiological work, further experiments on fish erythro-

cytes were therefore undertaken with the more common commercial

brands of C.P. sodium chloride; and the results were later extended to

several other types of living material. The general outcome of these

experiments may now be described.

II

In all, five brands of C.P. NaCl, each prepared by a different manu-

facturer, were studied. In every case, samples from several separate

and previously unopened containers were used. In order to avoid any

possibly unjust conclusions being drawn as to the relative values of the

salts of the different manufacturers for the chemical purposes for which

they were primarily intended, the different brands will be designated

merely by the letters A to E, inclusive. It is perhaps not improper to

say that the brand designated by A, which is the least harmful to fish

erythrocytes of all those studied, being in fact practically as harmless

as KC1, is the Kahlbaum salt of the best quality obtainable. Of the

other four brands, B was at times almost as good as the Kahlbaum

preparation, but at other times was distinctly harmful, the differences

observed depending partly on the lot of salt used and especially on the

species of fish furnishing the erythrocytes. In our earlier experiments,

in which the decidedly resistant erythrocytes of the sea robin were

employed, this brand was almost indistinguishable from A, but in

later observations made by Dr. A. K. Parpart, working with one of the

authors on another problem, it appeared that it was quite incapable of

preserving for any length of time the much less resistant erythrocytes of

the tautog and the cunner which were, however, not markedly injured

by brand A. Brands D and E were invariably destructive to all the

fish erythrocytes studied, though more rapidly so to some than to

others. Brand C, as far as it was studied, appeared to be relatively

harmless, but our information about it is not very complete.

A typical experiment in which the effects on the erythrocytes of the

scup (Stenotomiis chrysops) of brands B, C, D and E and of KC1 is illus-

trated in Fig. 2. The blood in this case, as in all others here reported,

was freshly obtained from a living fish without the use of any anti-

coagulant and was added immediately to the solutions in question in

the proportion of approximately 1 to 200 by volume (i.e., one drop to

10 cc.). A slight variation in the sizes of the drops of blood was of no
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-ince cell counts were made in every case. In the absence

of ' information concerning the osmotic pressures of the various

Hood.- -tudied, the concentration of NaCl employed was taken, unless

erwise indicated, as 0.25 M. Such solutions have a freezing point
f approximately 0.86 C., which is not very far removed from that

of the plasma of the various marine teleost fishes for which figures are

,t\ailable; and at all events the concentration was the same for the

various brands of salt employed, so that the results were entirely

Comparable among themselves.

It will be noted in Fig. 2 that for the duration of the experiment

2,000 -

1,000-

FIG. 2. Effect of exposing erythrocytes of the scup (Stenotomus chrysops)to

M/4 solutions of brands B, C, D and E of NaCl and to M/4 KC1. Ordinates repre-
sent numbers of cells per cubic millimeter and abscissae times in hours.

(5 hours) there was no appreciable decrease in tin- number of erythro-

cytes in solutions of brands B and C, while in similar solutions of brands

n and /.' the numbers had decreased very appreciably within one half

hour and very few erythrocytes remained at the end of four hours. It

may be mentioned incidentally that the erythrocytes of the scup, like

those of the sea robin, are relatively resistant ones; those of the butter-

fish or of the cunner disappear far more rapidly.

This particular experiment is typical of several dozen others differ-

ing in detail but all giving essentially similar results. In addition,

many incidental observations by \Y. A. Smith, S. K. Mill and A. K.

I'arpart working with one of the authors on other problems in which

cell counts were not made but hemolysis was followed by a macroscopic
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method have been in entire agreement with the results pictured in

Fig. 2. It may, therefore, be considered as definitely established that

the erythrocytes of certain fishes are affected in an entirely different

manner by various preparations of C.P. NaCl in common use.

Ill

As to the cause of these differences, two main possibilities suggest

themselves: either pure sodium chloride is in itself destructive to the

erythrocytes and its harmful effect is antagonized by impurities of some

sort present in brands A and usually in brands B and C, or pure sodium

chloride is in itself relatively harmless to this form of material and the

injury is due to a toxic impurity of some sort in brands D and E and

sometimes in B and C. Though the first type of explanation might

perhaps appear to be somewhat far-fetched, it must not be forgotten

that pure NaCl has been generally considered to be highly toxic (Loeb,

TABLE I

Effect on erythrocytes of the freshwater perch of solutions of NaCl of brands B and E
before and after recrystallization. The figures represent numbers of erythrocytes in 1

cubic millimeter of a dilute suspension.

Number of

Experiment
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1 M k of time prevented extensive recrystallizations from being

carried out, but in Table I are represented the results of one experiment

in triplicate of this sort. Because of the difference in the osmotic

pressure of the blood of freshwater as compared \vith marine teleosts,

tin- concentration of NaCl here employed was 0.147 M, which has a

free/ing point in the vicinity of that found by Carrey il (

>lo) for the

Hood of a number of freshwater fishes, i.e., approximate! \- -0.50 C.

It will be noted that the experiment shows no significant change in the

properties of either salt after recrystallization. It is therefore incon-

clusive, so far as throwing light upon the nature of the differences in the

physiological properties of the salt preparations in question is con-

cerned, but it does indicate one fact of great practical importance,

namely, that any impurities that may be present are difficult to remove

by recrystallization.

The question of possible antagonism was more directly and exten-

sively attacked in another way. Since it is well known from the work

of Loeb and others that perhaps the most effective single antagonist of

the toxic effects of sodium is calcium, and that solutions containing

sodium, calcium and potassium in the proper proportions form for most

cells and tissues a fairly good substitute for their natural medium, at-

tempts \\cre made to find some combination of the chlorides of calcium

or of calcium and potassium, with the toxic brands of sodium chloride

that would remove or at least greatly diminish the hemolytic effect of

the latter. In this we were completely unsuccessful. In particular,

the addition to the toxic brands of XaCl of Cadi and KC1 in the ap-

proximate proportions in which they occur in the body fluids of the

vertebrates or in sea water was almost without effect (see Fig. 1).

Only when isotonic solutions of CaCl 2 or KC1 or both were added to

similar solutions of NaCl in sufficient quantities to dilute the latter

appreciably did a diminution of the hemolylic effect become apparent.

This effect, however, which is entirely different from antagonism, is

\\liat would be expected if the NaCl carried a toxic impurity.

It has been mentioned above that the erythrocytes of marine fishes

are preserved fairly normally in proper! v diluted sea \\ater, which is a

well-known example of a physiologically balanced salt mixture. In

several experiments, diluted sea water \\as mixed in different propor-

tions with approximately isotonic solutions ol one of the toxic brands

of XaCl. In such experiments it was found that the hemolytic effect of

t lie added salt could, in general, be detected to an extent that depended

ui)on its concentration in the mixture. This result is again what would

be expected if a toxic impurity were associated with the sodium

chloride.
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In view of the fact that all attempts to demonstrate a physiological

antagonism between the toxic brands of NaCl and various calcium and

potassium mixtures failed completely, the view was definitely aband-

oned that hemolysis by some salt preparations is due to the destructive

effects of pure NaCl itself. The fact that brand B could manifest its

harmful effects even in the presence of a considerable excess of diluted

sea water and the additional fact that brand A
,

which has been con-

sistently harmless, is at the same time one generally considered by
chemists to be of especially high purity seem to point rather to some-

thing added to the sodium chloride in the toxic samples of the salt.

It may be mentioned that Dr. Eric G. Ball has recently obtained evi-

dence of a very direct and convincing nature that the hemolytic effects

of some brands of NaCl are due to contained impurities. This evidence

will soon be published elsewhere.

Accepting the view that some brands of C.P. NaCl contain an im-

purity highly destructive to the erythrocytes of fishes there may be

mentioned briefly several of our unsuccessful attempts to determine the

nature of this impurity. Partly because our results on this point were

completely negative and partly because of the much more extensive

observations along the same lines soon to be published by Dr. Ball, it

will be sufficient here merely to eliminate from further consideration

one or two conceivable factors.

It is known that the erythrocyte is, in general, fairly sensitive to

pH changes and also that some preparations of so-called "neutral

salts" are not entirely neutral. One of the first of the possibilities to

be considered, therefore, was the reaction of the various solutions stud-

ied. It was found that as far as pH measurements can be made upon

completely unbuffered solutions there were no significant differences in

reaction between the different sodium chloride solutions and the dis-

tilled water used to make them up, or between these solutions and simi-

lar ones of completely harmless KC1. Furthermore, in one experiment

there was added to solutions of brands B and E sodium bicarbonate in

the proportion of one part of M/4 bicarbonate to twenty of M/4 NaCl.

The pH of the resulting mixtures was then adjusted to 7.0 in each case

by the addition of carbon dioxide in the proper amounts, a procedure

which leaves the effective osmotic pressure of the mixture for the

erythrocyte unaltered. Blood was then added to these well buffered

mixtures, which were kept tightly stoppered throughout the remainder

of the experiment. In spite of this careful regulation of the pH of the

solutions, the erythrocytes underwent destruction in the presence of

NaCl of brand E and remained intact in the case of brand B exactly as

before. In still other experiments, it was shown that with a given



492 M. M. WILLIAMS AND M. H. JACOBS

,1 rli.in^c in the reaction of the solutions of two pH units (i.e., from

[ill (>.o i" N.OK which greatly exceeds any differences that could con-

. ably have been present in any of our experiments, had negligible

ects upon the characteristic properties of the salts. It may be con-

sidered fairly certain, therefore, that the physiological differences be-

tween the salts in question are not due to pH effects.

In our search for possible impurities in sodium chloride preparations
it was suggested to us by a chemical colleague that fluorides, which are

fairly toxic to some living cells, might perhaps be concerned. Experi-

ments were therefore made in which sodium fluoride was added in

different proportions to tin- harmless salt of brand B. The proportions

used ranged from a maximum concentration of NaF of 0.025 M by a

series of dilutions with a factor of one fifth to a minimum concentration

of the order of 0.00000001 A I. In none of these solutions, however, was

brand B caused to resemble even remotely brands D and E, and it was

therefore concluded that fluorides could scarcely be the impurity con-

cerned. Similar experiments were carried out with salts of several

toxic metals such as Pb, Hg and C'u which might conceivably have been

present in traces in the more injurious salt preparations, but our results

were again essentially negative.

As far as it was possible to carry our experiments up to the time

when it became necessary to discontinue them in 1928, absolutely no

clue had been obtained as to the nature of the hypothetical impurity.

It should be emphasized, however, that a lack of knowledge of the

nature of this impurity in no wise detracts from its physiological im-

portance or renders its disturbing effects in certain types of experi-

mental work less real.

IV

After establishing the fact that certain brands of so-called ('.I'.

NaCl are highly destructive to the erythrocytes of a number of teleost

fishes, experiments were undertaken to determine how far similar

effects could be obtained with other forms of living material. It is evi-

dent that effects of this sort might, if unrecognized, cause considerable

confusion in physiological work, particularly since all the brands of

sodium chloride in question have been commonly used in such work-

frequently with no published statements by which they may be identi-

1. Additional experiments were therefore undertaken upon the

following forms of material: mammalian erythrocytes, newly-hatched

l-'undulns, the eggs of Arbacia and the cilia. of Mytilus. These experi-

ments may be briefly described in the order mentioned.

As contrasted with the erythrocytes of the fishes, those of the mam-
inals appear to be little injured by any of the brands of sodium chloride
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in question. It is doubtless owing to the comparative insensitiveness

of this much-studied type of cell that the striking physiological differ-

ences in the properties of different salt preparations did not long ago

become generally known. Our experiments were carried out on the

blood of man, the ox, the dog, the cat, and the porpoise in the manner

described above, the only difference in technique being that the con-

centration of the salt employed with the mammalian erythrocytes was

0.1 54M instead of 0.25 M.
The results in the case of every mammal studied were, briefly, that

for 10 or more hours at room temperature or for 24 hours partly at

room temperature and partly in a refrigerator there was no appreciable

hemolysis in any of the solutions. In experiments of longer duration,

there were in a few cases some slight indications of differences in the

expected direction, but these were so small and irregular as to be of

little significance. It is possible that by employing aseptic precau-

tions, which were not practicable in our experiments, and by keeping

the erythrocyte suspensions for several days, constant differences might

be demonstrated. For practical purposes, however, in ordinary ex-

periments of short duration with mammalian blood it would appear to

make little difference which brand of sodium chloride is used.

The experiments made upon Fundulus heteroclitus are of interest

because it was upon this material that Loeb (1900 and later papers)

obtained his most striking evidence of the toxicity of pure sodium chlo-

ride. Though for a number of reasons it appeared to be impossible

that the effects described by Loeb could have been due to an impurity

in the salt used rather than to the salt itself, it nevertheless seemed of

some importance to determine whether with Fundulus the primary

toxicity of pure sodium chloride might be modified in any way by the

contaminating impurity supposed to be present in some preparations.

The general result of our experiments was to show that this is, in fact,

the case.

A typical experiment on newly-hatched, free-swimming fish is de-

scribed in Fig. 3. In it, brands B and E were compared with respect

to their ability to stop (a) the swimming movements of the animals

and (b) the heart-beat. The concentration was in each case M/2,
which is approximately isosmotic with Woods Hole sea water. It will

be observed that the differences between the two salts are rather

striking. At the end of 6 hours nearly all swimming movements had

ceased in the animals exposed to brand E, while only a few of the indi-

viduals exposed to brand B had been similarly affected ;
some continued

to move in this solution for over 12 hours. The cessation of the heart-

beat also occurred much more rapidly in the presence of brand E than
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in that of brand B.> These differences were observed many times with

no exceptions. It may be concluded, therefore, that the observed ef-

fects of sodium chloride upon Fundulus depend to a considerable extent

en the particular salt preparation employed.
A \ cry sensitive test object for many purposes is the egg of Arbacia,

whose rate of cleavage is affected in a readily measurable manner by
very slight changes in, for example, the osmotic pressure and the carbon

dioxide tension of the surrounding medium. Since pure isotonic

sodium chloride is known to be toxic to this egg, it was thought that

differences in the properties of different salt preparations might be

100

\
B

20

4 8 12 16 20 24

FIG. 3. Effect on newly-hatched Fnndulus of M/2 XaCl of Brands B and E.

Ordinates represent percentages of the animals showing swimming movements
(solid lines) and heart-beat (broken lines); absciss;e represent times in hours.

shown by exposing fertilized eggs of Arbaci,i to (hem for suitable times

and then determining the effect of such exposures upon the rate or the

tinal percentage of cleavage. This was done in two ways : first by plac-

ing the ev,gs in (he sodium chloride solution to be tested shortly before

i leavage and allouing them to remain in (he solution, and second by

employing a short temporary exposure to the salt followed by a return

to sea \\ater. The first type of experiment proved to be entirely un-

suitable owing to the failure of the eggs to di\ ide at all, but the second

t\pe yielded results which, while not wholly satisfactory, were at least

suggestive.
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The general result obtained from experiments of this latter type was

that in some cases there were no very significant differences between

the effects of salts B and E, but that in several cases where decided

differences appeared, these were always in such a direction as to indi-

cate a greater toxicity of brand E than of brand B. The reverse condi-

tion was never obtained. An experiment showing a very considerable

difference in the toxicity of salts of brands B and E is summarized in

Table II. It may scarcely be considered a typical experiment, how-

ever, since the differences observed were usually not so great.

Finally, a few observations were made upon the cilia of Mytilus,

which Lillie (1906) has shown to be very rapidly injured in solutions of

pure isotonic sodium chloride. It is, of course, difficult to treat the

beat of cilia in a strictly quantitative manner, since different groups

TABLE II

Effect on Subsequent Cleavage of Exposure of Fertilized Arbacia Eggs to Two Brands of

Sodium Chloride
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summari/ing the results of the various experiments with different

types of living material, it may be said that no significant differences be-

tween the different brands of sodium chloride studied have been found

with mammalian erythrocytes or with the cilia of Mytilus; occasional

Inn by no means constant differences in the expected direction have

been found with the eggs of Arbacia, constant differences of consider-

able magnitude in the same direction occur with newly-hatched Fundu-

Ins; and differences of the most striking and characteristic sort are in-

variably present in the case of the material which was first studied,

namely, the erythrocytes of certain fishes. Though up to the present

time the fish erythrocyte is the most sensitive form of material known,
it is not impossible that other types will be discovered in the future of

even greater sensitivity. In the meantime, physiologists should con-

stantly be on their guard, when working with sodium chloride, against

what, at its worst, is capable of being a source of serious experimental

errors.

SUMMARY

1 . Of five commercial brands of C.P. sodium chloride that have

been studied, one is apparently always harmless and two always de-

structive to the erythrocytes of certain teleost fishes; one and perhaps
both of the others are intermediate and somewhat more variable in

their properties.

2. There is indirect evidence that the destructive effect of the toxic

brands is due to the presence of an impurity of some sort, which has,

however, not been identified. It is not removed by a single recrystal-

lization of the salt.

3. Similar though much less striking differences have been found in

the physiological action of the brands of sodium chloride in question

upon newly-hatched Fundulus and less certainly upon the eggs of

Arbacia. No constant differences have been noted in the case of

mammalian erythrocytes or in that of the cilia of Mytilns.

4. It is suggested that in all physiological work in which sodium

chloride is used particular attention should be given to the possibility

of errors resulting from the presence in the --.ill of unknown toxic

impurities.
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